Understanding the dynamics of the thermospheric mass den-3 sity is of paramount importance for predicting drag on low altitude satel-4 lites, particularly during geomagnetic storms. Transient enhancements in ion 5 velocities, which frequently occur as a result of storm-driven solar wind elec-6 tric field fluctuations, cause increases in neutral density and temperature.
Introduction
Understanding the thermospheric response to energy input is important for the practical 22 reason that as energy is added to the system, the thermosphere expands and causes more The influence of magnetospheric electric fields on the thermosphere is intricately tied 32 to the plasma motion, as well as the density and velocity of the neutrals. Therefore in the ions is significantly shorter than in the neutrals [Vasyliunas, 2005] . This means 
Technique
This study used GITM, a model that is described in detail by Ridley et al. [2006] . It is 133 a three dimensional model that solves the continuity, momentum, and energy equations 134 with realistic source terms in a spherical coordinate system. A primary difference between
135
GITM and other ionosphere/thermosphere models is that GITM uses an altitude grid,
136
instead of pressure, which facilitats the ability to develop non-hydrostatic solutions. GITM
137
was run with a resolution of 2.5
• latitude by 5
• longitude with a stretched altitude, were used to obtain an understanding and quantifiable estimate of how important UT 140 effects are for the response of the ionosphere/thermosphere system to impulsive events.
141
GITM was run for 48 hours prior to any changes in the drivers to eliminate any transient 142 influence of the initial conditions. 23 simulations were then continued from the start- holding the IMF B z constant at −10 nT for 50 minutes, then linearly changing the IMF
148
B z back to −2 nT over ten minutes. IMF B y and B x were held at zero.
149
It is important to note that the use of the Weimer empirical electric potential model hemisphere. The plot shows a UT variation in both hemispheres. However, since the 155 amplitude of this variation is only about 2 kV , the overall effect in the thermosphere 156 response will be minimal relative to the magnitude of the idealized energy input event.
157
The perturbed CPCP reaches values of about 160 kV (not shown), so the UT variation 158 only comprises a couple of percent of the large perturbation.
159
There were no changes in any other solar wind drivers, auroral specifications, or solar 160 extreme ultraviolet (EUV) inputs. The F 10.7 for this series of runs was fixed at 100 sf u
161
(solar flux units), while the auroral hemispheric power was held constant at 20 GW .
162
While it is relatively unphysical to have no change in aurora with a strong change in the the nightside). At t=30 (first row), the neutral winds were enhanced in all simulations.
194
Each plot shows a two cell convection pattern, which is similar to the ion convection at was applied (at t=30 and t=60), and then cooled down afterwards (from t=90 onward).
201
The cooling completed a clear wave-like structure that propagated away from the polar and rotating in the westward direction, as one might expect due to the Coriolis force.
211
By 210 minutes after the start of the enhancement, the temperature had decreased over 212 almost the entire polar region and the large equatorward winds had less than half of their 213 peak perturbed values.
214
On the dayside in the inner columns, the temperature increased from the pole to 50 there was a significant equatorward flow perturbation on the dayside at low latitudes,
217
while there was little equatorward flow perturbation on the nightside at such low latitudes.
218
The equatorward flow on the dayside decreased rapidly and by t=120, the main flow was This two-cell pattern remained for at least two hours after the electric field enhancement 221 had ended, although it became quite distorted as it rotated with the planet.
222
When the enhancement happened while the magnetic field was on the night side (the 223 outer two columns), the initial perturbation was more confined and was smaller in mag-
224
nitude. Additionally, the disturbance did not extend on to the dayside nearly as much as 225 the nightside. Also, the resulting wind perturbations were also much weaker than when 226 the enhancement occurred while the geomagnetic pole was on the dayside.
227
The effects on the thermospheric mass density were also explored, though they are not This article is protected by copyright. All rights reserved.
The plots in Figure 5 show the average temperature poleward of 45
• geographic latitude noon, but only 68K when the pole was near midnight. In the northern hemisphere, the
270
UT variation was smaller, with the maximum perturbation at 590 km of 122K, and the 271 minimum perturbation of 86K.
272
The averaged high-latitude mass density perturbation was also dependent upon the
273
UT at which the electric field enhancement occurred ( Figure 6 ). This was true at all 274 altitudes and in both hemispheres, but was more apparent in the southern hemisphere.
275
For example, at 590 km in the southern hemisphere, the density increase was 1.1×10 This article is protected by copyright. All rights reserved.
collapsing after the perturbation ended, leading to the natural negative well of a gravity 288 wave.
289
At high altitudes in the northern hemisphere, there was a weak increase in density (30% 290 at 590 km) when the perturbation occurred in the first half of the day (in terms of UT) 291 when the geomagnetic pole was on the nightside, but a more prominent increase (42% at 292 590 km) when the perturbation occurred later in the day when the geomagnetic pole was 293 on the dayside. For the southern hemisphere, the larger perturbations occurred earlier in 294 the day, with a 43% change occurring when the geomagnetic pole was near noon and a
295
23% change occurring when it was near midnight. At 215 km, 347 km, and 466 km, the 296 structure of the differences remained the same, but the magnitude of the change increased 297 with altitude. The noon-midnight difference shrank from 18% at 590 km to 4% at 215 298 km. In other words, the density perturbations were larger at higher altitudes when the 299 geomagnetic pole was closer to noon.
300
The behavior at the lowest altitude was different than at the higher altitudes. The 301 secondary peak in the wave structure at 128 km altitude was much stronger in both 302 hemispheres. These peaks were often nearly 50% greater in the simulations near mid- range from a 1-3% increase at 128 km to a 22-43% increase at 590 km.
351
In the pure dipole case, shown in the right panel of Figure 8 , the northern and southern with nearly the same response at noon and midnight. This may be because the electron 392 density variation that the pole is subjected to during the summer is smaller than at 393 equinox or in the winter.
394
The summer signature in the southern hemisphere was not symmetric around noon as This article is protected by copyright. All rights reserved.
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existed in the southern hemisphere winter in comparison to northern hemisphere winter. This article is protected by copyright. All rights reserved.
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These asymmetries may be attributed to the larger diurnal change in the local magnetic This article is protected by copyright. All rights reserved.
is more offset, the amplitude of the variations in mass density and electron density are 
475
These results are also consistent with the absolute differences in the winter hemisphere's 476 in Figure 11 above 340 km. The June plot on the left reveals that when the geomagnetic 477 pole is pointed towards the sun, there is a nearly equal response in neutral mass density.
478
However, near local midnight, the southern hemisphere response is much smaller. This UT variation in the northern hemisphere is slightly more pronounced.
496
The UT variation from the Weimer model is still present, but shown to be no more dependence on neutral winds. These effects will have to be studied in subsequent research. 
Summary and Conclusions
The Earth's magnetic field is roughly dipolar in configuration, but is tilted and offset in 502 relation to the rotation axis. This means that as the Earth spins, the geomagnetic poles 503 change local time. In the northern hemisphere, the geomagnetic pole is in Canada, so it 504 is pointed most toward the sun around 1800 UT, while in the southern hemisphere, the 505 pole is located off the coast of Antarctica, close to Australia, and is pointed most towards 506 the sun around 0600 UT.
507
In equinox conditions around 1800 UT in the northern hemisphere, ion production rates 508 at the geomagnetic pole due to solar EUV are maximized. This means that the majority of 509 the ion convection pattern will be in sunlight. Conversely, around 0600 UT in the northern 510 hemisphere, the ionization at the geomagnetic pole will be minimized, thereby reducing heating, which was observed in the idealized simulations described above. In conclusion,
516
it was found that:
517
• The thermospheric heating due to an ion convection increase was greater when the 518 geomagnetic pole was pointed towards the sun than when it was pointed away from the 519 sun, during winter and equinox conditions.
520
• The winter hemisphere displayed a stronger overall response to solar wind electric 
525
• Longitudinal variations in Earth's magnetic field strength and declination angle are 526 secondary factors in the UT variation in both the thermosphere and the ionosphere.
527
• The larger offset of the geomagnetic pole in the southern hemisphere leads to a larger
528
UT variation compared to the northern hemisphere.
529
These results imply that ionospheric and thermospheric models, including those which 530 predict satellite drag, should incorporate UT and seasonal dependencies. They should 531 also take into account the hemispheric asymmetries described above. Further research is 
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